Objective: To study the injury characteristics in professional football and to follow the variation of injury incidence during a match, during a season and over consecutive seasons.
INTRODUCTION
UEFA (the Union of European Football Associations) has expressed its concern over the physical and mental demands being placed on modern professional footballers, and the translation of these physical and mental demands into injury syndromes. A research project, specifically aimed at evaluating the exposure to football and the risk of injury for top-level football players in Europe, was therefore initiated in 1999 1 .
Studies that describe injury risk and injury patterns in senior men's football are typically conducted over one season [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] or during tournaments [13] [14] [15] and some include only part of a season 16, 17 . Only few published studies have included data from two or more seasons [18] [19] [20] [21] and, thus, little is known about the natural variations between seasons.
The aims of this study were to investigate the injury characteristics in professional men's football teams and to describe the variations of injury incidence during a match, during a season and over seven consecutive seasons.
MATERIAL AND METHODS
A prospective cohort study of European professional men's football was carried out . Over subsequent seasons, 12 more teams were selected by UEFA and included in the study, the inclusion criteria being that they delivered complete material over full seasons ( Table 1) . The full methodology is reported elsewhere 1 . All contracted players in the first teams were invited to participate in the study.
Table 1 near here

Data collection
The study design followed the consensus on definitions and data collection procedures in studies of football injuries outlined by FIFA 22 and UEFA 1 . Baseline data was collected once yearly, at the start of the season. Individual player exposure in training and matches was registered by the clubs on a standard exposure form. This included the first and second team, as well as national team exposure for all players, and was returned on a monthly basis. The team medical staffs were responsible for recording each injury immediately after the event on a standard injury form, and these were sent to the study group each month together with the exposure forms. The injury form provided information on the date of injury, scheduled activity, type and location of injury, re-injury, foul play and, from 2006/07, also the match minute when the injury occurred.
Definitions
The definitions applied in the study are shown in Box 1. All injuries resulting in a player being unable to fully participate in training or match play (i.e. time-loss injuries) were recorded, and the player was considered injured until the team medical staff allowed full participation in training and availability for match selection. Injuries were categorised under four degrees of severity based on the number of days'
absence. All injuries were followed until the final day of rehabilitation.
Box 1 near here
Analyses
ANOVA was used for group comparisons of continuous normally distributed data. 
RESULTS
There were, on average, 25 players per team (range 15-36).
Exposure
The exposure details are shown in Table 2 . In total, 566,000 hours of exposure Table 3 . Eighty-seven per cent of the injuries affected the lower extremities. Muscle strain, ligament sprain and contusion were the most common injury types. The thigh, knee, ankle and hip/groin were the most common injury locations.
Table 3 near here
The single most common injury subtype was thigh strain, representing 17% (n=743) of all injuries, with posterior thigh strains (hamstrings, n= 525) more common than anterior ones (quadriceps, n=218). A team of 25 can thus expect about 10 thigh muscle strains each season, 7 of them affecting the hamstring muscles and 3 the quadriceps. Other common injury subtypes were adductor pain/strain (n= 399, 9%), ankle sprain (n=318, 7%) and MCL injuries (n=220, 5%). Injuries resulting from trauma represented 81% in matches and 59% in training.
Injury severity
Severe injuries (causing absence of >28 days) accounted for 16% of all injuries.
The most common subtypes of severe injuries were hamstring strains (n=83, 12%), MCL injuries (n= 63, 9%), quadriceps strains (n=48, 7%) and adductor pain/strain (n=42, 6%). The average (mean) team at this level can expect eight severe injuries per season. On average, each player missed 37 days due to injury each season. This means that approximately 12% of the season is lost due to injury if we assume that a season lasts 300 days.
Foul play
Twenty-one per cent (n= 538) of the match injuries were due to foul play according to the referee, with the majority being due to foul play by an opponent (n=520). The most common foul play injuries were ankle sprains (15%), knee sprains (9%) and thigh contusions (10%). In the two seasons where the match minute of injury was 
Re-injuries
Re-injuries constituted 12% of all injuries and they caused significantly longer absences than non re-injuries (24 v 18 days, p<0.0001).
Variation of injury risk during matches
The incidence of traumatic match injuries showed an increasing tendency over time in both the first and second halves (p<0.0001) (Figure 1) . A similar trend (increasing over time in each half) was observed for contusions (p<0.0001), ligament sprains (p=0.011) and muscle strains (p=0.005). Figure 2 shows the distribution of traumatic and overuse injuries over the season.
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Variations in injury incidence over a season
Traumatic injuries were more common during the competitive season (September to May), while overuse injuries peaked during the pre-season preparation period in July. The total injury incidence, as well as the training and match injury incidences, were stable over the period with no significant differences between seasons (Fig.4) . 
DISCUSSION
The principal finding in this study was that the injury risk in this group of professional teams has not changed over a seven-year period. Continuous data over several seasons are needed to observe the development of specific trends over time, but also to screen for areas of concern and form injury prevention hypotheses.
Frequency and nature of injuries
The injury incidences in training and match play in our study are consistent with recent data from the Swedish Premier League 9, 11, 21 , as well as in England and in Norway 20, 23 . An elite team with 25 players in the squad can expect about 50 injuries each season, half of them minor and causing absences of less than a week, but as many as eight or nine severe and causing absences of more than four weeks.
Hamstring strain was the most common diagnosis, which is in accordance with findings in other studies carried out at elite level using the consensus study design. A typical 25-player squad can thus expect about 7 hamstring strains each season. It can be speculated that the high risk of hamstring strain reflects the high intensity of modern professional football.
Underreporting of concussions?
Head injuries accounted for 2% of all injuries. This figure incorporates all types of head injuries including concussions but also facial fractures, lacerations and eye injuries. Over the 7-year period, only 34 concussions were registered, representing an incidence of 0.06 concussions/1,000 hours of exposure or, as a mean, one concussion per team every second season. When examining concussion rates, the figures may be vastly underestimated because the diagnosis of a concussion is dependent on a player volunteering his symptoms to medical personnel 24 . Concussion may involve a graded set of clinical symptoms that may or may not involve loss of consciousness 25 . Hence, some of the other 33 head injuries sustained by the players in the present study may have led to unrecognised concussive injuries and the incidence may have been underreported. A worrying finding is that, in spite of current consensus recommendations to ensure a structured rehabilitation with sufficient physical and cognitive rest following concussion, more than half of the players diagnosed with concussion returned to full training and match availability within one week 26 .
Re-injuries
Previous injury and inadequate rehabilitation are commonly suggested to be risk factors for football injuries 4, 21, 27, 28 . Recent studies in Scandinavian elite football, using the consensus statement definition of an early recurrent injury 22 as in this study, have found re-injury rates between 22 and 30% 9, 12, 16, 21 . In the present study, the rate of re-injury was substantially lower (12%), with most injuries being strains and sprains. One possible explanation for the difference might be that top-level clubs in Europe have greater medical support, providing for more personalised rehabilitation of injured players. Still, one might speculate that improvements in controlled rehabilitation with functional tests before returning to team training and match play might reduce the risk of re-injury even more 29 .
Re-injuries caused longer absence than non-re-injuries, which is in accordance with previous findings 12 .
Increased injury risk towards the end of each half
The incidence of match injuries showed an increasing tendency over time in both the first and second halves. This increase was evident for the total of traumatic injuries and the same pattern was seen for the three most common injury subtypes (strains, sprains and contusions). One might speculate that fatigue might be an explanation for these findings. Studies of physical demands in football have shown that fatigue is developed towards the end of a game and the amount of high-intensity running and technical performance is lowered [30] [31] [32] .
Seasonal variations in injury incidence
The pre-season period (mainly July) is predominantly devoted to physical training with few matches, which could explain the finding that overuse injuries were more common and traumatic injuries less common than during the rest of the season.
The incidence of ankle sprains, MCL injuries and quadriceps strains was fairly constant over the season. The incidence of hamstring strains, however, was low during the pre-season period but two or three times higher during the competitive season (September-May), when most high-intensity matches are played.
Methodological considerations
The collection of data followed the international consensus agreements on procedures for epidemiological studies of football injuries recommended by FIFA and UEFA 1, 22 .
In these papers, the strengths and limitations of injury surveillance studies such as this one are thoroughly discussed. Nevertheless, the obvious strength of this study is the plentiful, homogenous material on male professional players in Europe and the fact that the study is based on an injury recording system specifically developed to address the issue under review. Another advantage of studies at elite level is that official match data and other exposure data are frequently published on the UEFA website as well as the websites of the clubs. Our exposure data is believed to be accurate since it was regularly verified against official reports found on websites, in newspapers, etc.
A limitation of this study, and all prospective cohort studies, is that no causal relationship between findings can be established. However, studies like this are important sources for hypotheses which can be tested in further investigations.
What is already known on this topic?
 The match injury incidence in professional men's club football is high.
 Hamstring strain is the single most common injury type at elite level.
What does this study add?
 Injury incidence does not change over consecutive seasons.
 Injury risk increases with time in each half of matches. Re-injury Injury of the same type and at the same site as an index injury occurring no more than two months after a player's return to full participation from the index injury.
Minimal injury Injury causing absence of 1-3 days from training and match play.
Mild injury Injury causing absence of 4-7 days from training and match play.
Moderate injury Injury causing absence of 8-28 days from training and match play.
Severe injury Injury causing absence of over 28 days from training and match play.
Traumatic injury Injury with sudden onset and known cause.
Overuse injury Injury with insidious onset and no known trauma.
Foul play injury Match injury resulting from foul play according to the decision of the referee.
Injury incidence Number of injuries per 1,000 player hours [(Σ injuries/Σ exposure hours) × 1,000]. Values are mean (standard deviation). 
